SPECIFICATION 
TITLE OF THE INVENTION 

DIGITAL CAMERA AND METHOD OF CONTROLLING OPERATION OF 

SAME 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a digital camera capable 
of electronic zoom processing, and to a method of 
controlling the operation of the camera* 
10 Description of the Related Art 

In a portable image pick-up apparatus such as a 
digital camera, a subject is imaged by a solid-state 
electronic image sensing device such as a CCD. An image 
having a high resolution is obtained by providing the 
15 solid-state electronic image sensing device with a large 
number of pixels. 

Some digital cameras are provided with a display 
device, and shooting angle is decided while the image of 
the subject is displayed on the display device. The 
20 resolution of the display device provided on the digital 
camera is not high and is in general lower than that of 
the solid-state electronic image sensing device. 

In order to image a subject at a fixed period of 
1/60 of a second using a solid-state electronic image 
25 sensing device and display the image of the subject, 

which is represented by a video signal obtained by such 
imaging, smoothly in the form of a movie on a display 
device provided on a digital camera, it is required that 



the number of lines in the vertical direction of the 
image represented by the video signal output from the 
solid-state electronic image sensing device approximate 
the number of lines of the display device. In order to 
5 achieve this, the device is driven in such a manner that 
signal charge, which has accumulated in the 
photoelectric transducers constituting the solid-state 
electronic image sensing device, will be read out at 
intervals of a plurality of lines, by way of example, 

10 This is referred to as "pixel downs ampl ing " . 

Digital cameras capable of electronic zooming also 
have come into widespread use. By applying a zoom 
command, the image of a subject within a prescribed area 
is enlarged by interpolating pixels . 

15 When pixels are downsampled in order to display a 

moving image on the display device, resolution declines. 
If such an image is subjected to electronic zoom 
processing, often the image undergoes a further decline 
in resolution. 

20 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 
to arrange it so that there is no decline in resolution 
even if electronic zoom processing is executed. 

According to the present invention, the foregoing 

25 object is attained by providing a digital camera 

comprising: an imaging unit for imaging a subject at a 
fixed period by a solid-state electronic image sensing 
device and outputting a video signal, which represents 



the image of the subject obtained by imaging , upon 
downsampling the video signal at a given downsampling 
ratio; an electronic-zoom command unit for applying an 
electronic zoom command and a zoom magnification; a zoom 
5 unit (zoom means) for subjecting the video signal output 
from the imaging unit to electronic zoom processing in 
accordance with the zoom magnification, which has been 
applied from the electronic-zoom command unit, in such a 
manner that an image represented by the video signal 

10 output from the imaging unit will be enlarged; a display 
control unit (display control means) for performing 
control in such a manner that the image represented by 
the video signal output from the imaging unit will be 
displayed on the display device; and a downsampling- 

15 ratio control unit (downsampling-ratio control means) 
for reducing the downsampling ratio in response to 
application of the electronic zoom command from the 
electronic-zoom command unit. 

The present invention provides also an operation 

20 control method suited to the camera described above. 

Specifically, the present invention provides a method of 
controlling a digital camera having an imaging unit for 
imaging a subject at a fixed period by a solid-state 
electronic image sensing device and outputting a video 

25 signal, which represents the image of the subject 

obtained by imaging, upon downsampling the video signal 
at a given downsampling ratio, the method comprising the 
steps of: applying an electronic zoom command and a 
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zoom magnification; subjecting the video signal output 
from the imaging unit to electronic zoom processing in 
accordance with the applied zoom magnification in such a 
manner that an image represented by the video signal 
5 output from the imaging unit will be enlarged; 

displaying the image represented by the video signal , 
which has been subjected to the electronic zoom 
processing, on the display device; and reducing the 
downsampling ratio in response to application of the 

10 electronic zoom command. 

In accordance with the present invention, a subject 
is imaged at fixed periods by the imaging unit. The 
latter is capable of outputting the image of the 
subject, which has been obtained by imaging, upon 

15 downsampling the image at a given downsampling ratio. 
The image of the subject is displayed on the display 
device by applying the video signal, which is output 
from the imaging unit, to the display device. Since the 
pixels constituting the image of the subject rather than 

20 the image capable of being read by the imaging unit are 
downsampled at a given downsampling ratio, a smooth 
moving image can be displayed on the display device. 
The downsampling may be performed by a downsampling 
circuit . 

25 When the electronic zoom command is applied, 

electronic zoom processing is carried out in accordance 
with the electronic zoom command. The enlarged image of 
the subject is displayed by applying the electronic zoom 



processed video signal to the display unit. 

When the electronic zoom command is applied, the 
downsampling ratio is reduced. Accordingly, the 
resolution of the image represented by the video signal 
5 output from the imaging unit rises in comparison with 
the resolution that prevailed prior to the reduction in 
the downsampling ratio. Thus an image having a high 
resolution can be obtained even when electronic zoom 
processing is applied. 

10 By way of example, the downsampling ratio is 

reduced by making the number of lines of the image 
represented by a video signal that has undergone zoom 
processing greater than the number of lines of the image 
represented by the video signal output from the imaging 

15 unit. 

When the video signal is output in sync with an 
applied synchronizing signal, it is advisable to reduce 
the downsampling ratio in sync with this synchronizing 
signal. 

20 By reducing the downsampling ratio, it is possible 

to prevent disturbance of the image of the subject 
represented by the video signal output from the imaging 
unit. 

The camera may be provided with a mode setting unit 
25 for setting an image-quality priority mode. In this 
case control is exercised in such a manner that the 
downsampling ratio is reduced when the image-quality 
priority mode has been selected by the mode selecting 



unit. 

Thus, the user can set whether to give priority to 
image quality or to a display of a smoothly moving 
image - 

5 Other features and advantages of the present 

invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
10 thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating the 
electrical construction of a digital still camera 
according to a preferred embodiment of the present 
15 invention; 

Fig. 2 illustrates the imaging area of a CCD; 
Fig. 3 illustrates the relationship among the image 
of subject obtained by 1/4-downsampling drive, a zoom 
area and a display area; 
20 Fig. 4 illustrates the relationship among the image 

of subject obtained by 1/2-downsampling drive, a zoom 
area and a display area; 

Figs. 5a to 5c illustrate a plurality of schemes 
for driving a CCD and some of the pixels of an image 
25 represented by a video signal obtained by these drive 
schemes ; 

Fig. 6 illustrates the relationship between 1/4- 
downsampling drive and interpolated pixels; 



Fig. 7 illustrates the relationship between 1/2- 
downsampling drive and interpolated pixels; and 

Fig. 8 is a time chart illustrating the operation 
of the digital still camera. 
5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present 
invention will now be described with reference to the 
drawings . 

Fig. 1 is a block diagram illustrating the 
10 electrical construction of a digital still camera 
according to a preferred embodiment of the present 
invention. 

The digital still camera has its operation 
controlled by a CPU 20. 

15 The digital still camera has an electronic zoom 

function. An output signal from a zoom switch 13 , which 
is for applying an electronic zoom command and 
enlargement ratio (zoom magnification) and for 
designating a zoom area in which enlargement is to be 

20 performed, is input to the CPU 20. 

The digital still camera can be set selectively to 
an image-quality priority mode and a motion priority 
mode by a mode switch 14. A signal indicating the mode 
setting is input from the mode switch 14 to the CPU 20. 

25 The image-quality priority mode is for raising image 
resolution by changing the driving scheme of a CCD 2 , 
described later, when the electronic-zoom enlargement 
ratio exceeds a predetermined enlargement ratio. The 



motion priority mode gives priority to motion of an 
image (so as to smoothen the motion of the image), which 
is displayed on a display device 8, by fixing the 
driving scheme of the CCD 2 . 
5 The digital still camera is further provided with a 

shutter-release button 15. A signal indicating 
depression of the shutter-release button 15 also is 
input to the CPU 20. 

A zoom motor 11 is controlled by the CPU 20. A 

10 zoom lens 1 is positioned by the zoom motor 11 in such a 
manner that the image of a subject is enlarged at an 
enlargement ratio supplied from the zoom switch 13. A 
light image representing the image of the subject is 
formed on the photoreceptor surface of the CCD 2 by the 

15 zoom lens 1. 

The CCD 2 is controlled by an imaging 
synchronization signal VI and other control signals 
output from a timing generator (TG) 12. The CCD 2 
images a subject at a fixed period (1/60 of a second) in 

2 0 sync with the imaging synchronization signal VI and 

outputs a video signal. The video signal output from 
the CCD 2 is input to an analog/digital conversion 
circuit 4 via a CDS (correlated double sampling circuit) 
3. The analog/digital conversion circuit 4 converts the 

25 analog video signal to digital image data, which is 
input to a signal processing circuit 5. 

The digital image data undergoes processing such as 
a gamma correction and a white balance adjustment in the 



signal processing circuit 5. The latter includes also a 
function for executing electronic zoom processing (pixel 
interpolation processing). Image data output from the 
signal processing circuit 5 enters an encoder 6, which 
5 subjects the image data to prescribed encoding 
processing. The encoder 6 is provided with a 
reproduction synchronization signal VD from the CPU 20 
and outputs the image data in sync with the reproduction 
synchronization signal VD. 

10 The digital image data is converted to an analog 

video signal by a digital/analog conversion circuit 7. 
The analog video signal resulting from the conversion is 
applied to the display device 8, whereby the image of 
the subject is displayed in the form of a movie at the 

15 fixed period. 

If the shutter-release button 15 is pressed, the 
image data output from the signal processing circuit 5 
is input to a memory-card controller 9. The latter 
records the image data on a memory card 10. 

20 Fig. 2 shows the imaging area of the CCD 2, and 

Figs. 3 and 4 show the image of a subject, which is 
represented by a video signal output from the CCD 2 when 
the CCD 2 is driven for downs amp ling, and the image of 
the subject (display image) displayed on the display 

25 device 8. Figs. 5a to 5c show some pixels of the image 
represented by the video signal output from the CCD 2. 

The CCD 2 has 1280 pixels horizontally and 960 
pixels vertically. If the shutter-release button 15 is 



pressed, a video signal composed of 1280 pixels 
horizontally and 960 pixels vertically is output from 
the CCD 2 (see Fig. 5a) and converted to digital image 
data, which is recorded on the memory card 10. 
5 The display device 8 is capable of displaying an 

image composed of 640 pixels horizontally and 480 pixels 
vertically. 

When a movie image is displayed on the display 
device 8 in the manner described above, the CCD 2 is 

10 controlled by the timing generator 12 in such a manner 

that the number of pixels in the vertical direction will 
be reduced to one-fourth (this is referred to as "1/4- 
downsampling drive"). Since the number of pixels 
vertically of the image represented by the video signal 

15 output from the CCD 2 becomes one-fourth the number of 
pixels of the imaging area of CCD 2, read-out can be 
performed at high speed. Thus the movie image is 
displayed on the display device 8 smoothly. The image 
represented by the video signal output from the CCD 2 

20 thus has 1280 pixels horizontally and 240 pixels 

vertically (see Figs. 3 and 5c, in which the dashed 
lines in Fig. 5c indicate the downsampled pixels). 

A zoom area is designated by the zoom switch 13 in 
the image represented by these 1280 pixels in the 

25 horizontal direction and 240 pixels in the vertical 
direction. The signal processing circuit 5 executes 
electronic zoom processing in such a manner that the 
image in the designated zoom area is displayed in the 



area of the display screen of display device 8 . For 
example, if an area composed of 640 pixels horizontally 
and 12 0 pixels vertically is designated as the zoom 
area, electronic zoom processing for interpolating four 
5 times the number of pixels in the vertical direction so 
as to display the image within this area in the area of 
the display screen of display device 8 is executed. 

In the digital still camera according to this 
embodiment, the CCD 2 can be driven in such a manner 

10 that the number of pixels vertically of the image 

represented by the video signal output from the CCD 2 
becomes one-half the number of pixels vertically of the 
imaging area of the CCD 2 (this is referred to as "1/2- 
downsampling drive). Fig. 4 illustrates the image of 

15 the subject represented by the video signal output from 
the CCD 2 in accordance with 1/2-downsampling drive. An 
image having 960 pixels in the vertical direction 
becomes an image having 240 pixels in the vertical 
direction in accordance with 1/2-downsampling drive if 

20 an electronic zoom area identical with the electronic 
zoom area shown in Fig. 3 is designated (see Fig. 5b). 

Fig. 6 illustrates some of the pixels of an image 
represented by a video signal obtained by 1/4- 
downsampling drive and pixels in a case where an 

25 enlargement ratio of 2x has been applied. 

When 1/4-downsampling drive is performed, the CCD 2 
outputs the video signal at a rate of one pixel per four 
pixels of the pixels constituting the imaging area of 
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the CCD 2 in the vertical direction thereof- More 

specifically, the CCD 2 outputs a video signal in which 

the pixels have been downsampled at a rate of three 

pixels out of four. In Fig. 6, the pixels that have 

5 been downsampled are represented by the dashed lines and 

pixels that have not been downsampled are represented by 

the solid lines. 

The enlargement ratio 2x causes an area which is 

half the imaging area of the CCD 2 in the vertical 
10 direction to be displayed in the display area of the 
display device 8. When 1/4-downsampling drive is 
performed, the number of pixels vertically of the video 
signal output from the CCD 2 is 240. Half this number 
of pixels is 120. This video signal having 120 pixels 
15 in the vertical direction is interpolated to a video 

signal having 480 pixels in the vertical direction. In 
1/4-downsampling drive, therefore, the enlargement ratio 
2x multiplies one pixel by a factor of four in the 

vertical direction (this is four-fold interpolation). 
20 In Fig. 6, the hatched pixels indicate pixels that have 

been interpolated. 

Fig. 7 illustrates some of the pixels of an image 

represented by a video signal obtained by 1/2- 

downsampling drive and pixels in a case where an 
25 enlargement ratio of 2x has been applied. 

When 1/2-downsampling drive is performed, the CCD 2 
outputs the video signal at a rate of one pixel per two 
pixels of the pixels constituting the imaging area of 



the CCD 2 in the vertical direction thereof. More 
specifically, the CCD 2 outputs a video signal in which 
the pixels have been downsampled at a rate of one pixel 
out of two. In Fig. 7 , the pixels that have been 
5 downsampled are represented by the dashed lines and 

pixels that have not been downsampled are represented by 
the solid lines in a manner similar to that of Fig. 6. 

When 1/2-downsampling drive is performed, the 
number of pixels vertically of the video signal output 

10 from the CCD 2 is 480. Half this number of pixels is 

240. Interpolating this video signal having 240 pixels 
vertically to a video signal having 480 pixels 
vertically is equivalent to doubling the enlargement 
ratio. In 1/2-downsampling drive, the enlargement ratio 

15 2x multiplies one pixel by a factor of two in the 

vertical direction (this is two-fold interpolation). 

In 1/2-downsampling drive, two-fold interpolation 
is performed when the enlargement ratio is set to 2x by 

the zoom switch 13. In Fig. 7, the hatched pixels 
20 indicate pixels that have been interpolated. 

Thus, even with the same enlargement ratio of 2x, 

the resolution of an image obtained based upon a video 
signal acquired by 1/2-downsampling drive is higher than 
the resolution of an image obtained based upon a video 
25 signal acquired by 1/4-downsampling drive. The digital 
still camera according to this embodiment controls the 
CCD 2 by 1/4-downsampling drive up to an enlargement 
ratio of 2x and by 1/2-downsampling drive when the 



enlargement ratio surpasses 2x. As a result, a movie 
image having a comparatively high resolution is 
displayed on the display device 8. 

Fig. 8 is a time chart when prevails when a subject 
5 is imaged by the digital still camera. This time chart 
is for a case where the image-quality priority mode has 
been set by the mode switch 14. It goes without saying 
that when the motion priority mode has been set by the 
mode switch 14 , the switching between 1/4-downsampling 
10 drive and 1/2-downsampling drive is not carried out, as 
will be described next. 

When the enlargement ratio that has been set by the 
zoom switch 13 is less than 2x, the CCD 2 is controlled 

by the timing generator 12 in such a manner that 1/4- 
15 downsampling drive is established. The CCD 2 outputs 
the video signal in sync with the imaging 
synchronization signal VI. The video signal is 
converted to digital image data that is then input to 
the encoder 6 via the signal processing circuit 5 in the 
20 manner described earlier. 

The encoder 6 outputs the reproduced image data in 
sync with the reproduction synchronization signal VD (= 
1/60 of a second). The reproduced image data is 
converted to an analog video signal in the 
25 digital/analog conversion circuit 7, which inputs this 
signal to the display device 8. 

Thus the video signal from the CCD 2 is output at a 
rate of once per two VD signal pulses and the movie 



image is changed over at. a rate of once per two VD 
signal pulses. 

If the enlargement ratio is made 2x by the zoom 

switch 13 at time t, the CCD 2 is controlled by the 
5 timing generator 12 in such a manner that 

1/2-downs amp ling drive is established. The CCD 2 
outputs the video signal in sync with the imaging 
synchronization signal VI in a manner similar to that 
when 1/4-downsampling drive is applied. The video 

10 signal is converted to digital image data that is input 
to the encoder 6 via the signal processing circuit 5. 

The reproduced image data is output from the 
encoder 6 is sync with the reproduction synchronization 
signal VD and is converted to an analog video signal. 

15 The latter is applied to the display device 8. 

Thus the video signal from the CCD 2 is output at a 
rate of once per four VD signal pulses and the movie 
image is changed over at a rate of once per four VD 
signal pulses. 

20 Thus, even when an image is displayed by an 

electronic zoom function, a movie image having a 
comparatively high resolution can be obtained. 

In the embodiment described above, changeover 
between 1/2-downsampling drive and 1/4-downsampling 

25 drive is performed in response to the enlargement ratio 
becoming 2x. However, it goes without saying that drive 

may be changed over by designating a different 
enlargement ratio. 



As many apparently widely different embodiments of 
the present invention can be made without departing from 
the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific 
5 embodiments thereof except as defined in the appended 
claims. 



